Background: Bone mineral density (BMD) has been associated with fitness, nutrition, lifestyle, and genetic factors such as sex and race. The aim of this study was to determine whether athletic performance in middle-to-old-aged men affected the development of osteopenia. Methods: This cross-sectional study pooled data collected from 3,560 men in their 40-70's. BMD was measured by dual-energy X-ray absorptiometry at the lumbar spine 1-4 and the femoral neck. The fitness tests included strength (grip strength), flexibility (trunk forward flexion), and cardiopulmonary fitness (maximum oxygen consumption, VO2max). Results: The participants in the normal and osteopenia groups were aged 49.9±5.0 (mean±standard deviation) and 50.4±5.1 years, respectively. Those in the highest quartile (Q4) of VO2max had a significantly increased risk of having osteopenia (adjusted odds ratio 1.687; 95% confidence interval [CI] 1.193-2.387; p=0.003). Participants in the highest quartile (Q4) of grip strength had a significantly higher adjusted odds ratio (1.445) of having osteopenia (95% CI, 1.099-1.857; p=0.009). Finally, flexibility was 1.454 times higher for the lowest group (Q4) than for the highest group (Q1) (95% CI, 1.194-1.887; p=0.003). Conclusion: Higher levels of cardiopulmonary fitness and flexibility in middle-aged men may decrease the prevalence of osteopenia and prevent loss of BMD.
INTRODUCTION
High fitness is inversely associated with the incidence of cardiovascular disease, obesity, and all-cause mortality 1, 2) . Among various physical fitness activities, weight training that improves muscle strength has been shown to positively affect bone mineral density (BMD) [3] [4] [5] [6] . Decreased BMD is an important risk factor for fracture in falls. In particular, reduced BMD in frail elderly individuals is more closely related to the risk of fracture than that in healthy adults 7) . Fall-induced fracture is an economic burden to both society and individuals, and may also decrease patient quality of life 8, 9) . Physical fitness as an indicator of physical function may be a useful predictor of the risk of fall 10) . Traditionally, muscle strength and high-impact exercise including jumping, powerlifting, and jogging might offer protection against osteopenia and osteoporosis 1) . In addition, high levels of cardiopulmonary fitness and activities of daily living are associated with lower risk of fracture and reduced BMD 4, 11, 12) . A recent study reported that lower cardiopulmonary fitness and walking capacity were associated with decreased BMD in middle age 13) . Furthermore, a number of studies have recommended high-impact training such as jogging and resistance exercises to prevent this loss of BMD 4, 14, 15) . However, people with low BMD are mainly elderly and may have joint issues such as back pain, knee arthritis, and hip pain. Therefore, it is difficult to recommend high-intensity exercise for the prevention of BMD-related diseases 1) . However, there are few studies on this topic due to limitations in studying elderly with various diseases. For this reason, exercise programs to improve BMD in the elderly are limited. Some studies suggest that stretching and vibration training may be associated with increased bone density, but the relationship between BMD and multiple fitness remains controversial 16, 17) . Therefore, the aim of the present study was to analyze the prevalence of osteopenia in the elderly according to several fitness factors including endurance, strength, and flexibility. (average age, 52.6±7.4 years) participated in this cross-sectional study conducted at the Health Promotion Center of the Medical Center in Korea. Before participation, all participants were asked to complete a medical history, medication, and healthy habits (alcohol, exercise, smoking, etc.) questionnaire to screen for present and past health status. This study only included responses from participants who answered "Yes" to the question, "Do you agree that we may use your data in this study?". The exclusion criteria included those with CVs, orthopedic problems, and respiratory illnesses that posed a potential risk during the maximum fitness test. This study received approval from the Institutional Review Board of the Asan Medical Center (approval number: 2016-0084). Participants were asked to fast for 8 hours before testing and to not exercise except for routine activities for at least 8 hours before testing. The participants were provided with the same light gowns and pants. Participant height, weight, body composition, and blood pressure were measured and blood and urine tests were performed. After this process, the participants underwent bone density and physical fitness tests.
MATERIALS AND METHODS

Participants and Design
Tests and Measurements
1) Measurement of bone mass
The BMD (g/cm 2 ) of the lumbar spine (L1 to L4) and femoral neck were measured by dual-energy X-ray absorptiometry (DEXA, GE9800, General Electric Co., Milwaukee, WI, USA). All DEXA operators were certified specialists on the basis of an evaluation of the scanning and analysis techniques. According to World Health Organization guidelines, osteopenia was defined as T-score below standard deviation (SD) -1.0 to -2.4 and participants with osteoporosis were excluded 18) .
2) Flexibility test
Flexibility was assessed using the sit-and-reach method . The test was performed using a Sit & Reach box (5003, TAKEI, Niigata, Japan) with each participant seated on the floor with knees extended, straight upper body, and arms located to the front. The participants were then directed to move forward to place their hands on the box as far forward as possible and the location of the point of maximally extended hand was measured. The assessment was performed twice, using the higher of the 2 scores.
3) Hand grip strength
The grip strength was measured using a hand grip strength dynamometer (5401, TAKEI, Niigata, Japan). The elbows were stretched and the fist was placed outside the femur in a state where the foot was in the shoulder width. The machine was adjusted to length 3 and placed in 2nd phalanges.
Measurements were made to squeeze as much as possible. Two measurements were made on both sides and high values were used.
4) Maximal graded exercise test
Each subject performed a maximal graded exercise test using a treadmill ergometer (T 150 COSMED and QUARK series by Breath Pulmonary Gas Exchange were used for functional diagnostics). The Bruce protocol was employed, which began at 1.7 mph at a 10% grade with increasing speed and grade (i.e., 2.5 mph at 12%, 3.4 mph at 14%, 4.2 mph at 16%, 5.0 mph at 18%, etc.) every 3 minutes until test termination. The test continued when the participant requested to stop or upon the development any cardiac or orthopedic condition. If the test was abnormally terminated, it was excluded from this analysis of this study.
Statistical Analysis
To study the association between the level of physical fitness and osteopenia, the participants were divided into 2 groups based on BMD. The normal group consisted of patients with BMD of -1.0 or more, while those with BMD of -1.0 to -2.4 were placed into the osteopenia group. The differences in clinical characteristics between the osteopenia and normal groups were tested for statistical significance with independent t-test and chi-square test. Logistic regression was used to analyze the odds ratios of having osteopenia for each fitness level and health habit. Factors such as age, body mass index (BMI), waist circumference, phosphorus level, testosterone level, calcium level, grip strength, and maximum oxygen consumption (VO2max) were adjusted and entered in a stepwise manner in a multiple regression analysis that included habits associated with health such as exercise, smoking status, and alcohol consumption. Fitness was classified according to quartile from the highest fitness (Q1) to lower levels of fitness (Q2, 3, and 4). All data are presented as means±SD and statistical significance was adopted for p<0.05. Most of the data were analyzed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).
RESULTS
Participant Characteristics According to the Presence of Osteopenia
Men with osteopenia had a lower flexibility, grip strength, and VO2max than those in men with normal BMD (Table 1) . Men with decreased BMD had a smaller waist circumference, lower BMI, and higher alkaline phosphate and phosphorus levels. Low-frequency exercise was inversely associated with osteopenia (Table 2) . Smoking was also correlated with disease. The proportion of present smokers was higher in the osteopenia group than that in the normal group and the proportion of participants who had never smoked was higher in the normal than that in the osteopenia group. Finally, Table 1 shows that low bone mass was associated with age (p<0.001).
Odds Ratios of Osteopenia According to Health Habits
Decreased exercise frequencies were associated with increased odds ratios of osteopenia ( Table 2 ). These trends remained significant after adjusting for several factors and other health habits, where the odds ratios of MS in the lowest compared with the highest quartiles of exercise were 1.633 (95% confidence interval [CI], 1.238-2.155) and 2.385 (95% CI, 1.771-3.212), respectively. Current smokers had 1.8-fold increased prevalence of MS compared to those who did not smoke at all. There were no significant associations with alcohol consumption.
Odds Ratio of Osteopenia According to Fitness
VO2max had a strong inverse association with the risk of having osteopenia. Men in the third quartile of VO2max (29.8 mL/kg/min) had 1.4 fold (95% CI, 1.0-1.9; p=0.048) greater likelihood of having osteopenia than those with a VO2max in the highest quartile (39.3 mL/kg/min) after adjusting for age (Table 3) . After adjusting for age, BMI, etc., the least fit men were almost 1.6 fold (95% CI, 1.2-2.4; p=0.003) more likely to have osteopenia than those with high VO2max. Grip strength had also an inverse association with osteopenia. Men with grip strengths of 40.4, 36.6, and 31.2 kg had 1.3-, 1.3-, and 1.4-fold increased likelihoods of having osteopenia, respectively. Furthermore, there was significant association at the lowest quartile (odds ratio, 1.4; 95% CI, 1.1-1.9; p=0.004) after adjusting for several variables. Flexibility was inversely associated with the risk of having osteopenia. Men in the fourth quartile (-9.6 cm) had 1.2 fold (95% CI, 1.2-1.9; p=0.003) greater likelihood of having osteopenia than those in the highest quartile of flexibility (13.9 cm).
DISCUSSION
This study assessed the association between grip strength, VO2max, power, flexibility, and bone health in a sample of mi- ddle-aged Korean men. There are few studies on osteopenia related to physical fitness; therefore, the present study focused on this topic as well as flexibility. Osteopenia has a high incidence rate in women and elderly people, but this study included both middle-aged and elderly men. The American College of Sports Medicine 1) recommends that all adults should engage in strength exercises 2 days per week to prevent bone metabolic disease including osteopenia and osteoporosis. The National Osteoporosis Foundation guidelines also emphasize participation in not only weight-bearing activity but also weight-lifting, tai-chi, and dancing before an individual with decreased BMD engages in a vigorous exercise program such as running 19) . Our findings in part, agree with those of previous studies of similarly aged populations. Schwarz et al. 11) found that high hip BMD was significantly associated with higher cardiopulmonary fitness, and leg power (p=0.0022 and p=0.011, respectively), in men aged 31-60 years. We have shown that grip strength, VO2max, and flexibility were strongly associated with osteopenia and BMD in middle-aged men and that these relationships remain significant after adjusting for age and weight. Interestingly, power was not associated with measures of BMD and osteopenia in this cohort of middle-aged adults. In a study of 153 randomly sampled men, the age-ad-justed model association between VO2max, grip strength, leg power, and the likelihood of BMD decreased with increasing fitness 11) . In our study, low VO2max and grip strength were associated with the presence of osteopenia. Low grip strength has usually been less strongly associated with the risk of bone metabolic diseases compared to higher strength 20) . A number of studies of hand grip strength and BMD have been performed long ago, and the test was used to measure physiologic function in the elderly 4, [20] [21] [22] . The results of the present study, indicating a link between low grip strength and increased prevalence of osteopenia, might lead to changes in the decreasing BMD in middle-aged men. The strongest predictor of grip strength was osteopenia and BMD. Several studies have reported an association between grip strength and BMD in various ages and sex 3, 11, 23, 24) similar to the findings of our study.
An important finding of the present study is that directly measured VO2max had a strong and independently graded association with the risk of having osteopenia. The least fit men (VO2max=24.7 mL/kg/min, that third quartile) were almost 1.7 fold more likely to have osteopenia than the fittest men (VO2max=39.3 mL/kg/min, fourth quartile) after adjusting for age. Even after adjusting for age, BMI, and several other factors, the least fit men had a nearly 1.7 fold likelihood of having osteopenia. Our findings are similar to those of 2 recent studies suggesting that low cardiopulmonary fitness is a major determinant of decreased BMD 6, 25) . A previous study found a higher association between grip strength and mineralization abnormalities in a large cohort of men and women participating in the Heath 2006 study 3) . A number of studies have demonstrated the association between aerobic fitness and BMD 11, 25, 26) similar to the results of the present study. However, opposite results were reported by Kemper et al. 27) in young adults. Cardiopulmonary fitness was not significantly correlated with wrist BMD. In addition, Stewart et al. 28) reported that aerobic fitness was not correlated with BMD. The present study observed a significant site-specific association between fitness and BMD at the femoral neck compared to that of the spine. Similar results were reported by Gouveia et al. 24) , in which total hip BMD in elderly male subjects was more highly correlated compared to that of the spine.
The present study assessed the relationship between flexibility and BMD, firstly. We found a significant difference in flexibility between the normal and osteopenia groups (p=0.004). Previous studies of young men have assessed the effect of strength training on the range of motion 29) . Also, a pilot study defined fitness in terms of BMD and found yoga to be an effective method to build BMD after menopause 30) . A previous study of female tennis players reported that high exercise frequency affected bone tissue 31) . Our data shows similar results; the association between total and at least one of day exercise per week and osteopenia disappeared after adjusting for age and weight (Table 2) . McVeigh et al. 32) observed an inverse response relationship between less activity, filled in questionnaire self-reporting method, and the likelihood of mineralization in rheumatoid arthritis. The present data agree with previous findings that less physical activity, as well as low fitness, are related to bone metabolic disease including osteopenia and osteoporosis 21, 24) . However, this study had several limitations. The cross-sectional design has inherent limitations in determining the causality of the observations. Grip strength was calculated as the average of the higher of the 2 values for each hand. This may not explain associations between dominant or nondominant hands and BMD, although the difference between dominant and nondominant hand is nearly the same and relatively consistent 33) . Furthermore, there were limitations in the physical activity questionnaire as it was used self-reporting and did not include questions regarding exercise intensity, time, and type. Although osteopenia is more common in the elderly and in women, our study's participants included only middle-aged and elderly men. In addition, this study did not consider daily activity levels, including whether someone was sedentary or had high activity levels. Although flexibility did not have a significant effect on osteopenia in this study, previous studies have reported that flexibility exercises alone have positive effects on flexibility, body fat reduction, and muscle strength in the elderly 34) .
In conclusion, we have shown that grip strength, VO2max, and flexibility, but not leg power, are associated with BMD and the odds ratios of osteopenia. Future studies are needed to determine whether fitness and daily activity levels are associated with BMD in middle-aged women and whether this relationship also exists in longitudinal outcomes according to the type of fitness and in the presence of severe conditions such as osteoporosis.
This study determined the prevalence of osteopenia according to various physical strengths in middle-aged and elderly men. The results showed that the prevalence of osteopenia was higher in cardiopulmonary fitness, grip strength, and flexibility. The group with the lowest cardiorespiratory endurance increased about 1.6 times, and the grip and flexibility increased 1.4 times.
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